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Vibration measurement based on square arithmetic
and multiple Hilbert transform for F-P interferometry

HUA Zhen,CAO Bing-kun, YUE Hang-yu, CUI Xiang-yu
(School of Electrical Engineering & Information, Northeast Petroleum University , Daging 163318, China)

Abstract : In order to reconstruct the micro-vibration of objects quickly and easily, a vibration measurement method
based on square arithmetic and multiple Hilbert transform is proposed. The collected interference signal is squared to
double the number of interference fringes, and then the doubled interference fringes are subjected to one and three Hil-
bert transforms on both sides of the reverse point. A group of interference fringes with a phase difference of from the
previous group is reconstructed ,and the two groups of signals are quotient to obtain the unwrapped phase, thereby re-

constructing the micro-vibration. At last, the effectiveness of the proposed method is verified through numerical simula-

tion and experimental signals.
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Fig 1 Schematic diagram of F-P interference
FI s B N AR B G A AP A T
WHRITY AL F-P I, YA F-P I RS 13 T A
PR B MR
d(t) = b, — b, = 4mnl(pcosh/A
=4mnl(p/A (1)
Horr, &, T b, S AH I B T AH L6 IS 5 n S 4T
Z IS BRI S 385 L () 2 B ) A B B 5 0 2 A5
o WRIENZE T (n=1) HASDEFEAT, X if
6 =0, FEXPT WAL FBE IG5 0 w3
(RN R T FP T AR B DR P AT AR
IR

P = A7 + A7 + 24 Aycos(, — ) (2)
Ay FA, SEPIAN T RS 5 IR I

AL AHESH L = ¢or4r - (3)
2.2 FHEERHE

i3 EL R R A — A b B, B A (D) A
X Q2), TWENR LR P Al LISl

P = cos(4mL(p)/\) (4)

XEF P2 A AE R

P? = cos(4mL(p)/\)+ cos(4mL()/N)

=1/2 cos(2 - 4mwL(p/A) +1/2 (5)

R T A A B ARG A I
R (5) AR 172,155 1/2 cos(2 - 4mL(p/A) I
AN FRBUME A2 B 2 R A A

P P
I I
| / I VEIFN ey b -t
=4 “\\ " gﬁjt —’?751557_#;”‘ \ ‘\1‘\\ i
_____ ) ULV
P-3 l
M "\“"‘ al"‘n wv :
9 11 | Ml
00— -1
3 lh_‘t nl_‘l‘[lﬁ_i“_‘

B2 R
Fig. 2 Flow chart of the square algorithm
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Fig. 3 Simulation of square arithmetic
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Fig. 4 Simulates signals of multiple Hilbert transforms
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Fig. 5 Vibration reconstruction simulation based
on multiple Hilbert transforms
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Fig. 6 Vibration reconstruction simulation diagram based

on square operation and multiple Hilbert transform
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Fig. 7 Experimental setup diagram
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Fig. 9 Vibration reconstruction experimental diagram based

on square arithmetic and multiple Hilbert transforms
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Tab. 1 Comparison of the errors of the two

algorithms in vibration reconstruction
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